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INTERNALLY DAMPED STATQR. ROTOR. AND TRANSFORMER AND A 

METHOD OF MAKING 



5 FIELD OF THE INVRNTTON 

The present invention provides internally damped stators, rotors, and transformers 
having improved vibration damping performance and the internally damped cores from 
which they are made. 

The internally damped stators are usefiil, for example, for various electric or 
1 0 magnetic motor applications, specifically electric motors used for disk drive spindle 

motors and electric motors used for automobiles and power generating equipment. The 
internally damped stator improves the vibration damping properties of the motor with 
which it may be used. 

The internally damped rotors are useful, for example, for various electric or 
1 5 magnetic motor applications, specifically electric motors used for disk drive spindle 

motors and electric motors used for automobiles and power generating equipment. The 
internally damped rotor improves the vibration damping properties of the motor with 
which it may be used. 

The internally damped transformers are useful, for example, for various electric or 
20 magnetic applications, specifically power supplies in computers and stereo equipment. The 
internally damped transformer pore -jmproiyes th.e- vibration damping properties of the 

,-. transformer in whichj.trnay.beused.t.i, ■ . :,' •:. 

I Methods of making the intemajly damped cores, stators, rotors, and transformers of 

i the invention are also provided. The prcferred ^iethod is cost effective and particularly 

25 good for manufacturing at high volurSes;!,Th^;ihtemally damped stators, rotors, and . , 
i transfoimers. can optionally be made in such amanner as to reduce-cut and shorted wires. ' 



BACKGRQT JND OKTHK INVENTION 

PeriodiG or random vibrations WiShocks can excite the induction core of a stafoi^ " ^ • 
30 rotor, or tfansfdrmer to vibrate at its resonant frequencies. These:can be prpblematic due-toi r 
the resultant formation of undesirable stresses, displacements, fatigue, and sound radiation. 
Such undesirable vibrations or shocks are typically induced by the interaoion of the stitor ' 
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and rotor. The resulting magnetic flux interactions of the stator and rotor can lead to 
vibration in either of the components. 

Flux build-up and flux fields interacting with each other at high rates can lead to a 
flux field force being applied to the stator or rotor, causing it to vibrate at resonant 
5 frequencies resulting in sound,radiation, fatigue, and vibrations that can be transmitted to 
other portions of the motor or items attached to.the motor leading to degraded performance 
(such as in a disk drive where the exc.es^ive vibrations transmitted by the stator can cause 
read and write jerrors and reduced drive perforniance) and/or excessi build-up from 

frictional movement. A quiet motor is important to many applications. For example, disk 
10 drives often require, a motor to. operate at .Jess than 30-45 dBA:SO that when the drive is 
used in; an application, it does not bother the end user, of the drive. ' 

. Typical stators, rotprs, and iransfprmers have many.magnetic layers.. These layers 
are stamped or otherwise cut in single individual layers, typically a ring pattern with 
"poles'* extending from the ring. . The magnetic/layers are stacked by hand or by automated 
15 assembly to the desired stack height of the $tatpr, rotor,, or .transfprmer The layers are then 
joined in a number of ways, such.as, for ex^p|e,.by pressing the layers .together with aidie 
and using a, punch tp crimp, the layers together, cqining, emb,QSsing, encasing or coating the 
outer surfaces; of the assembled layers, with a. rigid jnon- vibration damping polymeric 
material (such ,as an epp^^y), applying heat andvpressure to form a. hydrostatic bond, or 
20 combinatiQns of the aforementioned, , - : ^i^; , . r r = . ^ • j ■ 

• , I- : f; ■ r.- ' . • ? r^:- /.:3 vj- ':(:.:;: l: ^ l ' J - ■ 

Various techriiques have,beenrused,4p reduce vibrational eind shock effects . 
(stresses, displacements,, e^c.) pn stators* , Three basic techniques include: . 

1 ) adding stiffness, or mass^ to the stator sp; that the resonant modes of the stator are 
25 not excited! in operation; hv:. - ^ ^ 1. . : -v^ - ' ' 

^ . , 2) isolating the stator so that the vibrational pr ^hock energy doesrnot excite other 
items in the motor constnictipn or items connected ip the motor; and y> i J, c 

; 3) darnping the stator core by "potting" pi* pncasing the/Statorrcore eyJerior^ or 
portions of the stator core exterior in a polymeric potting materiallTypically ia polymeric 
30 potting material, which optionally may have some damping benefit and/or stiffness benefit. 
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may be used to encase all or a portion of the stator core exterior, thereby reducing the 
vibration excitation levels and the harmful effects. 

K'atakura et al., U.S. Patent No. 5,241,229 discloses a magnetic disc drive motor 
comprising a hub for carrying magnetic discs on its outer periphery, a drive magnet rigidly 
5 fitted to the inner periphery of thfe hub, a stat6r 6oire- having 'a cbil wound around it and 
juxtaposed with the drive liiagnet,' arid a'nidtbf -frkiiie havih^'a su'bstaiiti^Iy cylindrical 
holder for rigidly holding the statorbof^? wherein the space 'betwteii tfie stator core and the 
motor frahfjeisTrfled Wifh'a re§in iiiaterial" A^co'mpari^^^^^ "niagneftic 
disc drive' motdr-'can thusf bfe reialiied^; whi6h'1s Gafiable of rotafi^^^^ rhagnfetid discs' in a very 
1 0 stabilized, mannfery With sucK ah afrrdfigiSiiefSf.'^inte the spaiiebfetWefeii thfe stWbr core and 
the motor frame, which wSs nbf uked-for &hy particular purpose; is filled with^k resin 
material,- the space^ wifhin-^he mbtor i.s effectivgjj^ utilized to the 
motor frame!.* • ""i •-■ .'!.:■<•.■;! liuibhn' :.■ o;,'---. • •• v.- ^ • .... 

'The ■af&feme'ntibned desigh pm'i4ei -fb'r a 'itiffei- statbf th'ereby reaucin| sbme 
1 5 vibration levels: Tn ^addition, the reSili^rhafterial can als;6 provide Sortie vibratioii dainping. 
- This design; however; ik-difficult tb ntjinufdctufe^as filling between the poles is difficult. 
The design can also reduce the heat-flbW away frbm the '^tatbr increasiH^Hhe teinperature 
of thcwindings and creating various ftfobfeihS delated to high 'teihperatttre^ of the niolor. 
. .Thisidesigii wcdld also^b*? eXpehsive^tb maWufacWife as eaclfistator with' windings 

20 in place would need to be potted, requiring fixturing, cure bveris, drid poteA'tiaf 'fbrig ' 

manufacturing cycles. Variability between stators being potted would be expected as each 
would havKivariationsldue'to'tbler^fces of the Windings;^ also 
require a significan't amounrof ofgahie i^iiVriiaterial'to be used" inside the mdt6l- and disk 
drive .assembly. The organic resin- material would be' largely exposedlb tbe mterhal motor 

25 and drive atmosphere which could lead to outgassing concerns wheW'tfie'diiVe^bpe^ates at 
elevated,temperaturefe (typically. giteaier4l¥an ^S^e, mb^'^typicalT^^eatter thanWC). The 
outgassing could lead to corrosion ^rCbiitgaSfSed material buildi^up on' v^ibiis parts inside ' 
the motorxjridrive, such as on a disk.-read/WiSte hdaa's aha'bthfer exposed surfacfeS leading 
to diive/^erforiiSlancQ redutticms oc drive fsuiure.' • • - . i. ' ' 
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Von Der Heide, et al., U.S. Patent No. 4,647,803 discloses an electric nnotor with a 
substantially cylindrical air gap between the stator and the rotor, the stajtor being fitted to a 
bearing support for the rotor shaft bearing. In order to reduce noise emissions, the stator is 
connected to the bearing support by means of an elastic damper and the stator and bearing 
5 support. are separated from one another by an air gap adjacent at.least part, of their facing 
faces. ThiSjdesign adds damping.and isolation..but would be costly to manufacture and 
also requires additional manufacturing stepsf to mgdce the motor and precise alignments of 
parts. . ... ^ , . .. •:.•:•* • * ' - 

10 Maughan et al., U.S. Patent No. 5,365,388 discloses a disk drive that has a stator 

positioner disposed on a shoulder of a drive shaft housing which is parl.of a,spi?ule. The 
positioner secures the stator against movement and references the motor to the spicule 
which (engages and guides the, cartridge^.. An open cell urethane gasket ;betAyeen the printed 
circuit board and the statOT absorbs vibrationaJ forces. This design offers isolation, but 

15 does not offer direct damping of the stator, thus its overall effectiveness is limited. 

Dun^ield ejt.at., U.S. Patent No.. 5,619,389;disGlpse5 a spindle, motor for rotating at 
least one' disc in a data stprage. device which includes a base, a shaft, a rotor and a stator. 
According to the patent,a bearing interconnects. the rotor with the shaft and allows the 
20 rotor to rotate about the shaft. A resilient coupling, such has an O-ring , is compressed 

between the stator and the base to mechanically isolate the stator from the base and thereby 
reducCithe generation of acoustic noiserin the storage device. . . > /: . . 

The paper appearing in the Journal of the Institution of ^Engineers. Singapore. Vol. 
25 32 No.. 1 Februs^ry .1992 entitled "Some Aspects pf Spindle Motors fpr Computer Disk 
Drives" provides an overview of disk drive motor design. , y b , , , 

t . rr-r : • y r .: ^.'I'L 'j': - . j.- -v- . . 

U.S. Patent No. 5,283,491 entitled, "Air Bearing Motor Assembly for Magnetic 
Recording Systems" discloses an air bearing motor design. The patent demonstrates that 
30 eve^n newer state of the art mptors can benefit from. an improved method. of damping the 

*'» "';• : • . ; * . . . --^ " ' -•'*' •* » 
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stator~arid that prior art methods of damping the stator or isolating the stator have 
significant perfoiroance and manufacturing issues that need to be resolved. 

" All of the'above techniques have drawbacks such as high manufacturing costs, 
5 excessive heat retention, significant added mass, difficult ^sembly procedures for winding 
wire around the statoi- tore; significant h^w equipment investment, khd high dimensional 
tolerance design. The aforementioned-designs • 
volume motors for disk drives where volumes can be on the order of 1-10 million units a 
month. 

SUMMARY OF^ THE TN VENTIQN - • ■ 'fc : > • r " • '.^ • • .: • - 

■ ; The present ihveiitior) pl-<jvides i?) 6n^ eiWbodirtierit aii inteA core", 
wherein the core is selected fk)M'the grbbp cdrisisting of statdr/Mdr-. aiid transforinbr - 
15 cores. • ^ ' •• '-n t' .• jTi. :'■=.>•/<.> -. i ---. v . ••!; ■..> ■ j-y -.. •■ v.. 

•The present ih\*^hti6ri l)rl6^ddes'iW^Mo^her 6m^6dim6nt an internally damped core 
having-ar teast ttne-innerlayer of ^ibral^rf dartpitig inateri^mihpriMn^ a viscbelastiV " ' 
material coiltairied thef^ n /^Herein^tKft eSfef is^^'fel&ted'from the group consisting of stator. 
20 rotor aiidUransformepCoreS.' >. . .v;i. vj .••!. ' . - ; .•■^ • - ; • 

The present invention l5rdVideS'?« -ariother embodiment a^^^^^^ daiii^gd cdre," 

wherein the internally damped core comprises a laminate comprising: 

---(a) two'SutermagneticMaycsfsj^'-'f'^ •- n-^u.ir . 

25 V. i (b) an inner' layer of viBratioA jdkintjlng material comprisiiig'a viscoel&tic" material' 

positioned between the two outer riiiigit^tic Hay^rs;'' . • • . ; y- : 

wherein the core is selected from the group consisting of stator, rotor and transformer 
cores:.- "-■ V •x----'-. ii--:'' j-.-ru .,.1 y •' - . e-f c?.. " i,:;..- 

•- r '.•.■;■:..•/•.••.;-■>■■' :'i-_ £.t_ •if .-j-y—r. - ■ jr '.• -i, ? . -.'. !...!;„■ -1 • r • . ■-. . ^ 

■ .:Tbe present invention pro.vides ift aftother embodiment an ihtertially damped cbre,' '' 
wherein the internally damped core comprises a laminate comprising: 
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(a) two outer magnetic layers; , 

(b) at least two inner vibration damping material layers comprising a viscoelastic 
material positioned between the two outer magnetic layers; 

(c) at least one magnetic layer positioned interior to the outer magnetic layers; 
wherein the core is selected from the group consisting of stat^or, rptor, and- . 

transformer cores. 

The present invention provides in another embodinjent.the internally damped core 
wherein each vibration damping material layer is positioned between two magnetic layers. 

The present invention provides in another embodiment ihe core wherein each 
magnetic layer comprises a ring having poles extending therefrom. 

The present invention provides in another embodiment the.pore wherein each ring 
15 has at least 4 poles extending therefrom. 

The present invention provides in. anpthejr embodiment the core v/herein each ring 
has at least 8 poles extending therefrom. 



10 



20 The present invention provides in another embodiment an internally damped stator 

comprising the core, wherein the core is a stator core, and wire wrapped around the poles 
ofthecore. _ . ..... ^. . .... • 

The present invention provides in another embodiment an internally damped rotor 
25 comprising the core, wherein the core is a rotor fjore, ajid wire v/rapped. around ,the core. 

The present invention provides in another embodiment an internally damped 
transformer comprising the core, wherein the core is s^ transformer core, and wire wrapped 
around the core. " . ' . - ^i. . . i \- ' • - - 
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The present invention provides in another embodiment the core wherein the 
vibration daiTiping material further comprises a thermally conductive additive. 

• The present invention provides in another embodiment the core wherein the 
5 vibration damping material further comprises a magnetic additive. 

The present invention provides in another embodiment the core wherein the 
magnetiC'layers' are ndri-oriented: • • \ ' 



25 



1 0 The present invention provides in another embodiment the core wherein the core 

has edges and wherein the'fedg'es are rOuhd^^ r - . ' - • - : . . . v - ' 

The present invention provides in another embodiment the core wherein the core 
comprises at last 8 magnetic la^eri and at least 7 vibration daihping material layers! 

15 • ■ •-: : -. ' ■ . 

The present invention provides in another embodiment the core which comprises at 
least 20 magnetic' layers £&id at least 1 rvlbraiion' damping maferf^l layers. " 

The present invention provides in another embodiment an alternator having the 
20 stator installed thierein. - ■ • • ' ' ■ ^- v -■: • .' 



The present invention provides in another embodiment a motor having the stator ' 
installed therein. 



The present invention provides in another embodiment a motdf having tlid rotor " 
installed therein. 



■. ' ■ • \- 
an 



• The present invention provides ih another embodiment a method of making 
internally damped core comprising the steps of: 
30 (a) providing a first laminate section and a second laminate section, wherein the 

first laminate section is formed by a method comprising the steps of 
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(i) preparing a first laminate comprising a magnetic layer and a layer of 
vibration damping material bonded thereto; and 

(ii) cutting the first laminate section from the first laminate, the first 
laminate section having a shape; and. 

5 wherein the second laminate section is formed by a method comprising the steps of 

(i) preparing a second laminate comprising 

(A) a first outer magnetic Jayer;...- , ... p . 

(B) ,a second outer .inagnetic.-l^^^ - ; , 
.. ,^ , (Q a layer, of vibration dam 

10 . . c . -J • t - outer magnetic Jayers;,,;^ ..y.f-:-^ , - • r . 

(ii) cutimg^the second laminate. section from the second laminate, wherein 
the second laminate section has shape which is substantially the same (typically the same) 
as the. shape of the first.laminatq, section, wherein the second magnetic layer of the second 
laminate section has a burr thereon caused by the cutting; V ^ 

1 5 (b) joining the Jjrst laipinate section.and- the second laminate section to form a core 

in such a manner that the burr is not on the outside of the core; _ * ; . - ! . 

wherein the core is selected from the group consisting of stator cores, rotor cores and 
transformer core^s. , - . f rvu . c { ^ r^*- > /. ^ 



20 The present invention provides in another embodiment a method of making an 

internally damped ;cpre. comprising the steps of , f - .... , : .. . . - r 

(a) providing at least two laminate sections, wherein-each laminate section is 
independently selected from the group consisting of first laminate sections and second 

laniinate .sections; anjd: ,r : . ^ -.^ ^ ^"b- • • :h * .>^. - • * 

25 wherein each first laminate section is independently formed by a method 

comprising the steps of 

, (i) preparing a first larninate^omprising a magnetic Jayer . and a layer of 
vibration damping material bonded theretp; and; r ' : , . . 

(ii) cutting a first laminate section from the first laminate, the first laminate 
30 section haying a shape; and . : . / ' h -i - : . ' 
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wherein each second laminate section is independently formed by a method 
. comprising the steps of 

• (i) preparing a second laminate cbmprising 
(A) a first outer magnetic layer; 
* ' ■ ' ■ (B) a second outer rtagrtetic' layer; ^ ' 

(C) a layer of vibiration damping material positioned between the 
two outer magnetic^layers'r*'^ ' ^ * * * ^ ' ' * * 
(ii) cutting the sd'corid4!ammate 's from the^^econd laminate, wherein 
the second laminate seCtibii Hara isH^^^^^^ theiame (typically the 

same) as the shape of the first laminate sectioif; and' wKereM the second magnetic layer of 
the* second laminate section has a buft th&TOn caused the cutting^ ' 

'-^ (b) joining the ;;^rnihate sections toget to fdrm a core iri'such a rhariner that no' 
exposed burr is present on the core'; ' n-J y / l.-. • > : . . • ... - 
wherein the core- is selected from thfe gr&up' consisting of statbr cofes; rotor cores and 
transformer cores. * io ^t::?: .o :5r^ >. . . -j 

The present invention provides in another embodiment a method wherein the 
laminate sections are joined via vibration damping material. 

The present invention provides in another embodiment a 'method wherein the "core 
has edges and wherein the eidges are rbuhdfe^^^ 'fs;.' • i r r , ^ • 

The present invention provides in another embodiment a method whichlFurther * 
comprises the step oi \virtdirrg wire Srt)urid thecorei'-' " 

■ The present invention provides^in aiefth'dr eriibodifnent a ffiethc^cf wherein the 
laminate sections are joined via vibration daffipirfg inaierik. * - • .^^ . r 

The present invention provides in another embodiment t^'e iriterri'ally darnped cbre 
made according to a method of the invention. 

-9- 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a perspective view of an internally damped stator core of the 
5 present invention. 

Fig. 2 illustrates a cross-sectiona! view of the internally damped stator core of Fig. 
1 taken along line 2-2.. . . \ . . f . :. 

Fig. 3.illustrates a pier^pective yje;w of a damped stator of the present invention. 
Fig. 4 illustrates a perspi^cti ve vieAy. of a npu-darpped prior-^^art stator core. 
10 Fig. 5 illustrates a perspective view of a^npn-dar^ 

Fig, 6 illustrates a cross-sectional view of the non-damped^prior ait stator of Fig. 5 
taken along line 6-6. . . .. . - . ; , . , ' ;> 

Fig., 7 illustrates, a perspective, view of an-jjriternallyrdamp^ stator of the present 
invention. ..... , '■>• ' ^ 

15 Fig-. ? illustrates a cross-sectional y?e\y tfee internally damped stator of Fig. 7 

taken along line 8-8. r . .-u i ' ' . • i ^ 

Fig. 9 illustrates a schematic of .the, set. up^used to. nie.asure .accelerations of the 
stators of Coniparative Exaniple 1 and Exan^^ * . - - : ' 

Fig, 10 illustrates a graph, of the Frequency .Response Function yersus frequency for 
20 the statprs qf Example 1 and Cpmparativ.e pxamplje 2. . * . i. ' . * 

Fig. 11. illustrates a graph of the accQleromete^r Qutput voltage yersus frequency for 
an alternator incorporating the stator of Comparative Example. 1 and an alternator 
incorporating the. damped stator. of Example 2.. r^.. - > : I. yy 

Fig. 12 illustrates a graph of the soimd p^^^^^ versus: frequency 

25 between an alternator incprpprating^the stator of Comparative Example 1 and an alternator 
incorporating the, (iamped-stator of Example 2;.. ..or:; S . * - - 

^ . Fig. 13 illustrates a perspective view of ?u3ren:i}>odime:nt;pf a tra^ . 
invention. , • , v.^-^. • ;.-:,:rl-r:;.^ ^: :• . 

Fig. 14 illustrates a perspective viev/.of another embodirnent of a transforrher of the 
30 invention,^.... . . - . o:.'/ ^ / * ■ ^ . 

, Fig. 1 5 illustrates a perspective view of a/otpr of the present invention. 
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Fig. 16 illustrates a partial enlarged view of a stator core cross-section of Fig. 2. 
Fig. 17 illustrates partial enlarged view of another embodiment of stator core cross- 
section of Fig. 2. • 



■- DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a stator, rotor, and a transformer eSch having 
improved dariipihg properties which'caVi overcdme problems in a' variety 6f applications 
where statbfs\¥b'tdrs; 'amtftfansfofin(efs^yfe expfosed'to vibration or shockV More 
1 0 specifically, tHe'presBntlnV^nWdn prbviddsVviferation and shdc'k re^istaiit interhally 

dahip^ stator, rdtbrrahfa trarisforiribr:t"hdt preferably uses a highly i3issip4tive doping 
material with a loss factor of at least about 0.01 (more preferably at least' abotit Ori')' at least 
somewhere in the temperattire range'df about -40'"C to aboiit i50°C 'and at least ' 
somewhere in the frequency range of about 1 to about 10.000 Hz. Preferably the vibration 
1 5 damping material has the' afdrfeiheiitionedf loss factor alt the typical operating temperature 
range and frequency range for a given motor design and for the frequencies that have the 
greatest impaeff Oh mdtdf5perfdhh'ah&; 'T^ically the vibration claihping material should 
have a loss factor of at least about 0.01 at fdWt 'sobiewhere iS the temperature range of 
about -40^ to a"bdut 150»G and at^lea'st'sdnieii^here in'the frequency rarf^^ of about 1 to 
20 about 1 0,000 Hz, preferably at least abbiit'O: f ^t a 'temperature of about :4d°C' to al^ut 
l-SO^eiand a frfcqtiertt^ of about 1 to aBOTiMOiOOb Hz. This daniping material', w&i 
placed inuhe s^tdr, rdtdr, 6r-trHrtsf6iTOer artible as'ihner iayer(S)i ban bfe- exposed fo ' 
significant amounts of strain energy in various Vibratiohaa^iiidiles of intVres^ ahd'dissipate a 
portion! of ihis . Vibrational eneii|y iais heati ^llefebrdifmni^hing' vibratrort 'aiiti shock ' 
25 displacement- oscillatiiDhs. ' The ^resSnt'inVefttfdh fuhciioris so'as'td daiflp, i.e'V redutlihe 
vibrational or shock amplitude or duration ofva'wide variety of vibrSUbii^afihddy; e.g., " 
bencfing; torsion, sWifiy,'riw:kingrg>Tbstopi£, arid exte^ ihbdes, in'a Wi'd'e'v^iety of 
stator, rotor, and transformer designs and over a wide frequency and temperature range. ' 
:.■ ' The iaesent lfiventidtf<f>^i6'aliy'invbIVe^ 'the incfefpbi-atiori 6f 'a Vibration doping 
30 material as one or more interior layers of the stator core, rotor core, or transformer c'bre ' * 
and the stator, rotor; or iiransfoitnerfoniiedthetefforn. The Vibration dariifjiijg material 
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may be layered in between the magnetic layers, e.g.. iron, iron alloys, etc. of the core. . 
Preferably, the laminated material has the damping material laminated, sprayed, silk 
screened, coated, or cast onto one or more magnetic layers. The damping material layer 
can be continuous, or discontinuous. . ... 
5 .. . A damping layer(s) rnay substantially form a layer having about the same 

diniensions (length and width but not typically thickness) as the magnetic layers between 
which it is sandwiched. Alternjately^ a damping layerCs) may he .of more lirnjted . 
dimensions and may be situated in area(s> of .greatest vibrationals 

Typically, qn amount of .the damping^.material. ispresent such: that the;damping . 

1 0 characteristips. of the stator,^ rotor, or transfprmer are improved. Preferably, a sufficient 

amount of the vibration damping material is used such that the da,mping is improved by at 
least about 10%. in at least one vibrational mode., ^s a] result of this technique, high 
mechanical strains.are introduced inta the damping material when the structure is excited 
at one or more of its, natural frequencies. A poniqn, of the. resulting mechanical strain 

15 energy in the damping material is then di3sipate^di in the fonn of heat. The higher the strain 
energy in the damping materia!,, the mpre yibratjpnal energy is dissipated, from: the stator, 
rotor, or transformer. 

The vibration damping material layer(s) are placed in the article where one or more 
vibrational modes are active. By such.plaqemen.t,:the amount^cf .strain energy that is 

20 generated in the.damping material used for the sta^pr, rotor, or transformer can be 

maximized., The identification of these lor,ations, canibe deter^^ by using modal . 
analysis or finite element analysis. The vibration .danriping material provides many 
benefits, including reduced acoustic lr<yels, either on an overall dS A reduction or for 
specific vibration tones :Or frequencies.., ^ - . • - -i^ v .; . ' : * 

Core , , ; • - • r'V^i^ • ri'A:i-)r.- * 

The induction core comprise^-a laminate comprising magnetic lasers aii^d vibration 

damping material layer(.s). . . , ' « \ ; . ^ . . - v i 

The s.tator core or rotor core as well as each layer making up the. statoir core or rotor 
30 core typically has the following shape; - The shape is that of a ring having poles (which also 

may be referred to as arms or protrusions) joined to the ring and extending away from the 
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center of-the'ririg; toward the center of the ring, or both, depending on the design. The 
poles are separated by openings, slots, or cut-outs. For example, the poles may be attached 
to the-ins!de of the ring such that they extend into the area including the hole. 
Alternatively the poles may extend from the outer perimeter of the ring in a direction away 
5 form the hole. The ring and the poles are typically in the same plane. Each pole has two 
ends, the end attached to the ring- and a' free ertd.'- The- free end is typically wider than the 
rest of the pole;' The free ends. are ffei^uently T-shaped: thb fi^fefcWd^t>T^^^ has a shape 
which serves to prevgfil the •^v^fe wrajjpea ^oxiiid the stator'6rf^<5r'pble from slipping off. 
The firee ehd al§6<:dntFibutes'ti5 the hiaritf^etterit of the flux of t'hV Statbr or rotor when 
10 energSz'ed ahd alsb'betWeen Ifie StSto^ aft-dWe'nitbr'portiori'-oiPthe itte>to>'d6^igi^ iii/here the 
pemianent/niagnet^may bfediispoS^di- ''^ - " r." ' :..=^ ?rr'.v.! •. •• :.-'!' • v ;. , .. 

•Thfe transfomifef ddrfe- as AVelh as eachiiy^^^^^ 
have-oheofcthfcTdllowJrtg s«aijei'?tha(Wa*61l* gddmfetric sliape-siibh'as'fi f^iiiaglt or 
square, or a rectangle or square with>a dutibiit (such as a srhaller ieomettic area siich as a 
1 5 rectangle or square)Twithiri the largeY g^oihetric shkpfe. With respect to the latter shape it 
would typi:eally*e'that of la squarrbr r^dt^^^ y. 

Vibration Damping Material - ■ ^ :.;;(' "i-,". ' : . • 

: The: vibration ^afiiping material' can= iheliidtfiany ihat6rial that is viscoelastfe. A ' 
20 viscoelastic material is- one that is viseoiii,; aha therefore cUpa'blb bf dissipating energy, yet 
exhibits-certain elastic propeities, ahdtherefoi-eeiapable of storing energy: That is, a " 
viscoelastic material is an elgstomeric ihaferial typically containing long-chain' molecules 
that cair'convert mechanical energy into heaf when-they sire deformed. Sudh a material 
typically can be deformed, e.g., stretched, by an applied load and gradualiy regain its 
25 original shape, e.g., contract, sometime after the load has been removed. 

Suitable viscoelastic materials for use in the vibration damping materials of the ' ' 
present invention have a'storage modulus, iiie^, measure of the energy stored during 
deformation, of at least about 1.0psi(6.9 x lO' Pascals). The storage modulus 6? lisefiir ' 
viscoelastic materials ean be. as high as?5OO,O0O jpsi (3;45 =x 10® Pascal 
30 typically itisabout 10-2000 psi (6.9 X 10^ to t. 4x10' Pascals). - ' v . u 



■13- 



)C!D: <WO 99X3t5eA1_l_> 



Wp 99/331 56 PCTAJS98/26606 

Suitable viscoelastic materials for use in the vibration damping materials of the 
present invention have a loss factor, i.e., the ratio of energy loss to energy stored, of at 
least about 0.01 . Preferably the loss factor is at least, about 0. 1 , more preferably about 0.5- 
10, and most preferably about 1-10, in the frequency and temperature range where 
5 damping is required (typically about 1 -10,000 ^Hz and -40 to 150°C). This loss factor is a 
measure of the material's ability to dissipate energy and depends on the frequency and 
temperature experienced by the damping materiaL. For example, for a particular ; 
crosslinked acrylic polymer, at a frequency ,of 100,Hz, the loss factor at l58°F (TO'^C) is 

abOllt 0.7. . , -. . ^. , . <. r-- — r: -J ^ ' ' 

10 Preferred viscoelastic materials are those that remain fynctional , over a wide range 

of temperatures, e.g., t40°F (-40°C) to48?.°F {250°C). ,Most,.ptreferred viscoelastic 
materials are those that dp not experiepqe a significant degradation in. properties due to 
long times at high temperatures or^sbort excursions beyond these high temperature levels. 
Useful viscoelastic dan^ping materials caii >>e,?sotropic as well as anisotropic 

1 5 materials, particularly with respect to. its elastic gropeijies.; As used herein, an "anisotropic 
material" or "nonisotropic material"4s, one in >yhich;the prpperties are dependent upon the 
direction of measurement. Suit^bLe yiscpelastic niat^rials inclu : 
fluorine based elastomers, fluorine based nibbers, siijicone. rubbers* nitrile nibbprs, butyl 
rubbers, acrylic rubbers, natural nabbers,, stia:ene-butadiene,nibbie^^ liks. Qther 

20 useful damping viscoelastic rnaterials include polyesters, polyurethanes,.polyamides, 

ethylene-vinyl acetate copolyrners,,polyvinyl butyra^,^po^ butyral-poly^/inyl acetate 

copolymers, epoxy-raqrylate interpenetrating networks and the like> Specific examples of 
useful materials are disclosed or i;eferenced in U.S. Pet. ^«Jo. 5,183*863, Ur^S. Pat. No. 
5,262,232 and U.S. Pat. No. 5,308,887, all of which arie incoroorated herein by reference. 

25 ^ Exarnples. of thermoplastic rnaterials suitable for luse as the vibration damping ^ 

material in the cores and stators, rotors,: and transformers made therefrom according to the 
present inyeniipn includp, but, are not limited, to; tho^e relected.frpm the group consisting 
of polyacrylates, polycarbonates,, polyetherimides, pp.lyesters, polysulfones, polystyrenes, 
acrylonitrile-butadiene-styrene block copolyrners^ polypropylenes,:acetal polymers, 

30 polyamides, polyvinyl chlorides, polyethylenes,-p9lyu.rethanes, and combinations thereof. 
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- ' UsfefiiJ -viscoelaslic materials can also be crosslinkable to enhance their strength. 
Such vistoelasiics are classified as thermosetting resins. When the viscoelastic material is 
a iherrnosetting resin, then prior to the manufacture of the stator the thermosetting resin is 
in a therriioplastic state: During the'manufacturirig process,*the thermosetting resin is 
cured aiid/or crdssiinked typicially to a solid state, although it could be a gel upon curing as 
long as the cured mate:rial possesses the 'viscoelastic properties described above. 
Depending upon the particular thernfioseUihg resin eitijiloy^d, the thermosetting resin can 
include 'a curing agent; e.g./catalyst; which when ekposed l6 an^'apprbpriate energy source 
(such as thermal energy) the curing agent initiates the polymerization of the thermosetting 
resiri. Particularly pfefen-ed viscoeiastic on acrylates. 

In general, any suitable viscoelastic material' can be used. ^The Choice of 
visebelastic material for a particular set of 'condhidns^ eVg:,'temjperature and frequency of 
vibratiofiV etc:; is within ^tHe knowledge of one of skill in the ait oif viscoelastic damping. It 
is to be understood that blends ofariy of thfe fbfejgoihg mkenalis can also be used. 

lc In addition to the Viscoelastic iriaitTial;' the vibra^^^ damping iiiaterial of certiain* 
preferred embodiments of the present irlventioii mclude.V a^^ of a fibrous 

and/or particiulate material: Herein/ aSi'"''effect^^^ a fibrous material and/or 

particulate is an ariibtint sufficiferit to ihCreasfe the 'strairi Energy ratio of a' component 
containihg the same amount- arid^ type'bf vi&belastic material without the fibrous or 
particulate rnaterial. Genefaliy, an mire^^e in tK6 strain ener"^^ a factor oif at least 

about two in at least one vibratiohkrmtfdei^s desired: typklaliyhHe aiiibuht of the fibrous 
material in the viscoelastic rndfenaf i^ Within krkiige of about 3-60 wt%, lirerefably about 
10-50 wi%, more preferably ibout 13^45 wt%, afitd niost prefei-ably aboiit' 20-40 wt%, 
based on the total wfeight of tfie vibraion dkmiiing niaterial* f yi>icaiiy, the amount of the 
particulateimkeii^il in: the Vi^coefastrc mSteifiiallsSvithin a rangfe^dfi'fcout 6:5-^0 wt%. 
preferably. abaut^ l4*5iwt%: jri^re^fefeTabfy about'S^O wt%, ih^'ihSst preferably about 5- 
3awt%, baseti onith^Ubtai WeSigHt ef the^ 

additive Ca|iartieular %er? for ex^ Thefibroiis m^^^ " 
fibrous strands- or in the forrtt-6f a fibek^ fnat or w kfe pfefeired. 

The fibidus strandsidari be in the fbrih o^ tHre^ds, 6brd&ryarnS,fil^^^ long as^ 

the viscoelastic material can wet the surface of the materiaJ. They can be dispersed 
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randomly or uniformly in a specified order. Preferably, the fibrous strands, i.e., fibers or 
fine threadlike pieces, have an aspect ratio of at least about 2:1, and more preferably. an 
aspect ratio within a range of about 2: 1 to about 10: 1 , . The aspect ratio of .a fiber is the 
ratio of the longer dimension of the fiber to the shorter dimension. , 
5 The fibrous material can be composed of any material that increases the damping 

capability of the viscoelastic.materiaL Exarnpies of useful fibrous materials in 
applications of the present invention include^rnetallic fibrous materials, such as aluminum 
oxide, magnesium, iron ^alloys, or^steel fibers,,as well as npnmetalHc fibrous materials, 
such as glass or fiberglass,, p^nerally, high, .Vouqg*s modulus fibrous materials, uc.i those 

1 0 having a modulus of at least -about 1 ,00p,ppQ-psir(6,9 ^ Iff PasGals)^. are preferred. Most 
preferably, the fibrous material is nonmetallic.. The npnmetallic fibrous materials can be a 
variety of materials^ including, but not lin?ited:tc,;thpse sel^^ from the group consisting 
, of glass,, carbon, minerals, synthetic or natural heat. resis.tani: organic materials, and ceramic 
materials.'. Prefen*ed fibrous materiais . for stators;. rot and transformers of the. present 

15 invention are organic materials, glass, an^^^ ^ 

.By. "heat resist^t" organic fibrous rnateriaJ> it. isjmeant that useable organic ' 
materials should be sufficiently resistant to melting, or otherwise softening or breaking 
down under the conditiojis of mant)faGture.3nd.usp,of-the .stator,iro or transformer of 
the present invention. Useful natural organic; fibrous. materials include; but are not limited 

20 to, those selected from the group consisting.Qf .woplfvSilfc, cotton/ and cellulose. Examples 
of useful synthetic qrganic fibrous rnaterials include,^. but are not .limited to, those selected 
from the group Qonsisting of polyvinyl alcohol, nylon, pel yesterrrayon, polyamide, acrylic, 
polyplefin,.ararnid, andphenoL The preferred organic fibrous material?for applications of 
the present invention is ararnid fibrous material* r Si^ch ^a materiaj is commervially available 

25 from Dupont Co., Wilmington, Dela^yare under the tradename's tDf "Kevlaf'':ahd "Nomex." 

' Generally, any ceramic fibrous niaterial is useful in applications of the present 
inyqntion. An example of a. cerfiunic, fibrous mateiial.suitable for the^ present invention.is 
'NE^TELQ which.is commercially available, from Minnesota Mining land Manufacture 
Co., St. Paul, Minnesota.. ^Examples of useful, commercially ay ailable^ glass. fibrous 

30 material are those, available from PPG' Industries, .Inc. Pittsburgh^ Pennsylvania, under the 
product name Ejglass bobbin yam ; Owens Coming, Toledo, Ohio, under .the product name 
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"FibergJass" continuous filament yam; and Manville Corporation, Toledo, Ohio, under the 
product name "Star Rov 502" fiberglass roving. 

■ Advantages can be obtained through use of fibrous materiaJs of a length as short as 
about 100 micrometers: The fibers aire not Hmifed in length but much longer fibers may 
5 provide insufficient fiber interface and therefore 'decreased shearing surfaces between 
fibers; The fiber thickness or 'diameter fortypical fibrous material ranges from about at 
leasts micrometers.'The<Uihnef'tH6'fit;&';We'lii^^^ • 
material: THUsiprfeferred ffbrdus ni«eri^ are 'vefyYHih. The liii<51crifess Of tWeYiber is also 
dependent upon the desiii^d tftickhelss of "the ov^^erall'd^pirt material Iky^lr that will be 
10 used in the coffe.^Fhus, TnanS^ domm'ion^filj^J^'^ay libi tie'sult^ble-i'f tKe 'dvei^U damping 
ma'tefiarihickness iS'i'ddtiWlyWjn (e:g.^ 4-id-migi-6iftet6rS): ' ' ' • . . ^ 

The particuime'mateifM'us'efui in'the irtve?^^^^^ 
ceramic bubbl»'%fr'beaas/fldfce5s^^rpdwaei'-'-a4'?btt-g mhh A^-iscdelastic ca;n wet theWace 
of the material. Thfe pafticliiafe iiiaterial 'eah'=Va^9'in'siie, but prefferabi not be 

15 greater than the thickness bf thii dan^pm|'material layer. Preferably;' tftepdrticulate' ■ 

matenaiiis on the size or^er of about d:l toabdUt 5'mic*dmeters and more preferably about 
0.1 to about 2 miGfoifteters. 1" .'t^ ; ; .anii!-' i ( ;i< i? j i -v ' • i 

The particulate ^imaterial cah b&iettikpbseab^ ■ 
; damping capability- of the vistoelastifc 'dampih^matem^ • •" - .M . - . . 

20 - . :Useful p'artidalate's may b6 mfetallic-or rfohf^ni^taincV 'Examples of iiseiful particulate 
materials in applicatibns bf the pr^efet irivghtMn Witlud^ c6kfed or-i?f?codtfed glass and 
: - ceramic bubbles or beads such is'itheittMly bbndu^^ 'j . > 

' aluminum oxide p'owdter and aliimiriambrlitfide p6wd"er,'iron oxide?, sHicaVcufed e^poxy^-^^ 
nodules, fmagneticsteel powders, ra'kgnetic-pdwdefs.CfiaW^ the' lik^, iie';. th&'Se'h^ing a 

25 moduhis of at least- about 4 0,000 p^i (6^:9 x-i'O^ PascSlk), are preferrtd. Mbfe-prfeferably. ' 
useful particulatefmateriaJs have a YoUng'S riiicydulug of ^dut JOG,OO0psi (fil^'x Jo* 
PascaisX/arid mostpreferable'are'those-Witiraf'mSdulu^ of at^lfeast 1 ',000,000? jjsif 6.9 x'i'O' 
Pascads):jBlerids.ofiapaAiculatematehal-and fibrous niiferial canbeuted'Trbhi abou't O'S 
wt% to about :7Q-^.% based on the vi^elght %bf daVhpitigfrfiateriaf.' • -' • - ^ 

30 . > • . eertain^dditl-ifes noted ab©ve mayJbe se]gcted'^cificaifyfor their high thermal' ' 
conductivityxkpaeity to provide fdrlintipiiove'd heat fibw betweeii statdrl rbtor; dr i 
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transformer layers. This improved heal flow can provide improved heat loss to the 
surrounding environment (motor parts, air, etc.) or heat flow through thelstator, rotor, or 
transformer. Additives having high thermal conductivity include aluminum oxide, 
aluminum nitride, titanium dioxide, boron nitride, silicon nitride, etc. 
5 The use of magnetic material additives in the vibration damping material such as 

ferromagnetic materials, rare earth rnetals,. rare ;earth alloys, etc. may provide for improved 
magnetic performance of the stator, rotoi:,- ortransfQrmer: These additives can provide for 
improved or modified^flux paths, improved, pr^niodified flux concentration, improved or 
modified flux density, and/or.imprpved ori increased.flux generation, compared to an 

1 0 identical stator, .rojor; or transformer ^without such additives.. ' An improvement in flux path 
efficiency can lead to improved motpnperformancfe, . , ^ - . .. 

These additives may. also enable a yibfalion .darnping material layer to take on the 
characteristics of a rnagnetic |aypr in regards to-being aji improved flux path as compared 
to a damping material layer with, no flux: path enhancing additives, < . 

1 5 The vibration damping .material.layer is usefully modified by flux additives if the 

flux density is improved by at least about 5 itimes over: the. same vibration* damping * 
material^ with nq.flux additive enhancers ■ Preferably the flux density of the majgnetic 
material additive cqntaining vibration damping jmateria! is increased by^at least about 20 
times, more preferably , at least about 1 00 times and. mosi preferably at least about 500 

20 times compared to vibration damping material: free. of: such additives. The^change in flux 
density of the damping material is, related to the magreticiproperties'of the^additive. The 
greater the magnetic properties, the greater the flux density for a gi ven electrical current 
applied[.tp.the wipdings of the stator, rotoi, crtra^^ ' 

The vibrational daiBping material can ipxlude ia viscoelastic material or a 

25 combination of viscoelastic material wi!h;a fibrous or is to be ' 

understood that the.yibration damping material xantthus include a blend of viscoelastic 
materials asjvell as a;yarier.y pf different fibrous or paitfculate mateiials.' Blends of 
fibrous and particulate material are also possible, r 1 * - . ' ' ' f*:;... • 

In addition to fibers and particulate material, the vibration darnping material of the 

30 pres.ent inyeniiqn can include^ additives such as fillers (e g:; talc, etc'.), colorants, 
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toughehing agents, fire retardants, antioxidants, antistatic agents, and the like. Sufficient 
amounts of each of these materiars can be used to effect the desired result 

The damped stator. rotor, or transformer of the invention utilizes the damping of 
viscoelastic materials with a minimum impact on the stator, rotor, or transformer structural 
5 geonietry and stiffness. / : • ' 

. V , The desired thickness of the vibfation'damping material tyjiically range's from 
labout 0.0002 to about 0.050 inch <abOut.0.005 to about 1.3 nim), preferably about 0.0005 
to dbout:0.010 irich.tabout 0.013 to dbout 0- 25 mnf)i and^most preferably about 0.0005 to 
about. 0.<K)5jnch. (about 0.01 3 to aboOt-0: 1 3>mm).*- TypicaiyVthfc' total thickness of all the 
10 yibratfon damping,mateidal. layers is =abdut OJ§ t6 iab'out 50^o:dfihe thickness of the stator, 
rotor, or transformer core, more typicaltyJabout 1 to about'25%1 'Typicklly the average 
thickness of the vibration damping material layers" in * core is about 0.2 to about 25 
percent of the average thicknessiof the iffiagneiiG layers in the c6re,..pi-eferably about 0.5 to 
about 7 percent, most preferably about.0:5 to' abtjut- S percfeiit; . . . I ' i .v . ■ . 
'5 , The'stator/rotor or transfonner?article of the irivention typically'dontains at least 1 

vibration; damping, material layer:. For example the article may xfomprise- at least 2, 3, 4; 5, 
6, 7, 8i 9,- .10 or rtiore vibration dampingrmaterial layers. Typfcaliy-lhe tiore (and the stator, 
rotpr,.or.;iransfonner made therefrom)' comprises 2 to 400 vibration dMnifM^ng' material 
layers, more typically 4: to 100 layers; and most typically 7 to 50 layers for reasons of best 
20 damping properties and also manufafcturirig'ednsiderations.'fhe nun*er of^layers of the 
statpr. roioR, or transformer is .determined by thfe overall design," des&fed 'darhpirig ; 
pefformance, dimemiohal height limitati6hs;'p6ffofmance specificat^^^^^ 
needs are known for a given end use applieationv the stator^ rdorfor fr^sfornier c^ be . 
designed with the desired number of layers to achieve the deSiredperformanc6 JeVels 
25 (output weight. cost^ speed, etc.). and-vibration' damping petforman^^^^^ '<■ ' ■ '■ ..- 

^ A 3videi: teniperaturc rangcof damping is. possible wheii multiple layers of different 
damping mateials ^ff^ iiKluded. ' The amount»6fdampiligthaterialu ' ^ " 

Sufficient material should be used to obtain the- desired dampihg feffect while balancing ih'e 
sljuctural r;aqaii-ements of.the sfatoritroior,or trahsforTJ^^ .. . . .. 

Vibration damping layer maybe cohtmuous or disc(>ntinuGUs. A continuous ' 
layer may comprise the same material or adjacent sections of different vibration damping 
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materials, for example. As an example, the vibration damping materials may be 
chemically different. A discontinuous layer may comprise sections of damping material 
separated by non-damping material and/or spaces, for example. When two or more . 
vibration damping material layers are present the layers may comprise the. same or 
5 different damping material and each may be continuous or discontinuous. , . 

Ma^etic Layers ..... , v ^ x : ' 

A variety of niagnetic layers can be us^cl in the. stators,, rotors, ani^ transformers of 
the present invention and the cores from which they are made..:The magneti:: layer may be 

10 formed from a magnetic material including but npt liinited,to_those selected.from the 

group consisting of ferromagnetic materials such as iron,, iron alloys, rnagnetic stainless 
steels, carbon steel, alloys such as cobalt-boron-iro^^, iron-nickelrcobalt, etc.; rare earth 
metals; alloys of rare earth metals; etc. Any^ms^teri^ conduction of magnetic 

flux could be used, but materials with higlily magnetic properties are m (i.e. high 

15 pernrneability). Magnetic materials whiph z^re non-oriented are preferred.. A specific 

example of a useful magnetic niateriaU.is ,a ppn-oriented electripal steel frorn hlippon Steel 
Corp. designated .as NSC 35H270. Another: ejcan?ple of a useful, magnetic matf^rial is a 
non-oriented electrical steel designated a? Arneriqan Society for Testing arid Materials 
(ASTM)36F158. ^ ^ ^ , -.-i.rr ^ U. 

20 ^. ' ' -r- 

The magnetic layers typically have a storage modulus greater than that of the 
vibration damping layer(s) which also makes up the core. The niagnetic .layers more 
typically have a storage piodulus at least about 1,0 times ^greater than- the storage modulus 
of the vibration damping material layer(s), prefera!>.ly .at least about 100 times greater, 

25 rnore preferably at least about 1000 times.greater jand most pr^.ferably about 10,000 times 
greater . , , ,^ . . —... J. -: -j- v. . - 

The number of magnetic layers. in a stator,. rotor or transformer, oxj^aores from which 
they are made can vary. At letast two magnetic layers, should be present.; ^qr. example the 
stator, rotor, or transformer or core from which they are made.may cprnprise; at:least 2, 3; 

30 4, 5, 6, 7, 8, 9, 10, etc, or mpre.magnetic layers... Typically 2 to 400 magnetic layers are 
present in the stator, rotor, or transformer or core from which they are made, more 
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typically 4 1o 100, and most typically 8 to 50. The thickness of the magnetic layers can 
vary. Typically each magnetic layer has a thickness of about 0.0005 inch to about 0.25 
inch (about 0.0127 to about 6.35 mm), prefei'ably about 0.001 fd about 0.1 inch (about 
0.0254 to about 2.54 mm),-and most preferably about 0.005 to abbut 0.06 inch ( about 
5 0.127 to about 1.524 mm).' 

Each magnetic layer of the stator or rotor typically has a hole therein (typically a 
central hole.) As discussed previously each magnetic layer of the stator 6r rotor typically 
has a ring shape with poles extending in arf 'butv/ard direction away from the ring. These 
poles provide areas for wires "to be wrafJp'e\a''iiLr6uhd the stator or' rbtdrcbre.' A transformer 
10 does hot ^typically h&Veiioles but raiffief i'lS iy^icaii^ solid br solid but fbr a cut'-out or hole 
in its interior section. Wires'which areWrapped around a statori fotbr or transformer core 
are also referred to as windings hereinf'''- "--'''^' ' ■ ■ - - 

The length, width, and thickness b'f th^m'aghetic lafye'rs can vary. Each rotor* stator, 
and transformer typically'has the nia^nettb' lay^irs'and the'Vibration damping material 
1 5 layer(sy bf the sanie shape, length aiid ■Width (but'nbt typically the same thickness). The 
vibratioh damping materi jil layer codd/forexMple; be of an "undercut" design so that 
any expos6d vibration damping matenai^s minimized or non-fcxistent. For example, the 
vibration daniping material layer may be' of siiialier length, width, and thiclaiess than the 
magnetic material layers. This method of minimizing any exposed vibration damping " 
20 material could enable easier coating of the completed core with a protective coating as 
descrited-later hereiri. " -! ' ~ i';- • ' - •; ;. - t 

■ E'aeh'^magnetic layer may bptionally Ke divided into two or more sections^ " ' 
Hbwever, the'layers" would rieed-to be joined in a manner to 'provide for a bbre or stator, 
rotor or transfbriiierprepared therefrom having st^^ ' ' ' ' 

25 ' . The stator and rotor of the prfe^entiiiV^ritioh each' comprise a statorxore 'and rbtbf ' 
core respectively having conductive wire (such as copper or aluminum wire) wound ' 
aiFdiHiditKe pblcils theredf; The transfbnheir df tlie pres^ht invention' cOmpfis^i a 
transfdrttier core haVing conductive wrie wound around the outside'oftKecor^ of' around 
two side^CWB^B'the^tbre has ah Operiihg therein), forexkmple. " One skilled'ih the art ' 
30 would be. able ID 'select the appropnke wire and winding pattern. The wire can be wound 
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quickly and easily when a core is provided having rounded edges which are jess likely to 
cut the >yires. * ' * 

Coatings 

5 . The core of the invention may have a protective coating thereon, such as a 

polyester, epoxy or "E"-coating, etc. The protective coating may provide environmental 
and end use protecti9n (rust resistance^ coirosi on resistance, abrasion resistance, 
outgassing prevention, etc.) and also improv.e winding of the core with .the conductive wire 
(cppper, aluminum, alloys, etc.); The >cpating>niay also offer imprpved structural integrity 
10 to the completed stator, rptpr, oritransfpiroe^^^ i . . . • . 

. . V The present invention \yill be better ui.derstood. by referring, to the following 
figures. - ^ 

Fig.^ 1. illustrates a perspective: viexy pf ap ;inrerna!Iy damped stator core 2 of the 
15 present invention having alternating magnetic and vibration damping material layers. The 
upper, and lower magnetiqJayers are. identified as 4^ai:d S respectively and the vibration 
damping material layerjr as 6. The Jntenially positioned magnetic layers are identified as 7. 
The stator core 2 has twelve poles, each ijientified as IG and attached to:and extending 
from ring 5, and a central.hole identified as 3, l^hc.spaces or cut-outs between the poles 10 
20 are each identified as 9. . . \ ; • / ?. * l^-y.V . i . v ., ■ • • 

^ f . Fig. 2 illustrates a cross-sectional view of the internally damped stator core 2 of » 
Fig., 1 taken along line 2-2. ; . '-.r - , ;v v t ' • 

. , Fig. 3 illustrates a perspective view an internally damped stator of the present 
invention formed-from the internally damped stator. core!2 of Fig.: i..- The wires wrapped 
25 around the, poles. 10 of thejstatpr core, 2 ar^;idc^^^ -^ii. , > 

y. Fig. 4 illustrates a perspective'View;^of a prior ^ stator core vvhich is hot internally 
damped. The magnetic layers are identified as; 22 aiid are held together by stalang. The 
staking indentations. are identified as. 24. The stator^core 2 ! has:poles 7.3iand central hole 
25 . Cut-puts or spaces 26 exist betv/een{ the poles 23. JPoles i23 extei:d from ring 29. 
30 *. ^ ' Fig. 5, illustrates a perspective view.ofia prior art stator 50. The magnetic layers 56, 

58, and 54 (not visible in Fig. 5) are held, togstiier bj^ rivets Knot shown): -The magnetic 
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layers 54 and 58 are of slightly smaller cross-seciional area than magnetic layers 56. The 
wires wrapped around the magnetic layers are identified as 53. The thirty-six stator poles 
are each identified as 55. The stator 50 has a central hole 59. Insulating sheets 57 fit 
between the poles 55. 

5 Fig. 6 illustrates a cross-sectional view of the non^darhjjed prior art stator taken 

along'line 6-6.'" * " -' ••>.'. ;;■ .- ' 

Fig. 7 illustrates a perspeotivfe view of an-intemaaiy dariii^^^ present 
invention havirtg altematiflg ma^ileSie afid viVfatSoii'dampin'^ Inateriai Jafyfers. :The upper 
and lov/eii-magnetid rayer$-ate idbntifredas'36«jina38 (iiot vi'w 
1 0 the remaining magnetic layers as 4 1 , and the Vibration darnpiiig maierial layers as 43. The 
stator core has thirty-six poles, each identified as 45. The stator 31 has a central hole 35. 
Insulating sheets 34 fitibetweeh tfie poleS-4Si^- TOe-wires wrapped' arouiVa^tlre poles 45 are 
identified as 32. 

. Fig. 8 illustrates a erdss-sbetiOhal vid<^ 6f the interrfaHydamped stator of Fig. 7 
15 taken alongiline 8-8. j^'i i ■ ■>!. '-v b--^ ; ■ = ■ •■;.. '!;...!;. [.••■■ 

v.n.iPig. 13 illustrbtes a perspedtiVeView'o^aniintdrhaHy dampedtfansfbrmer 90of the 
preseritin^ntion having akemaling'niiagn#ti(i'.afia vi&atibn dampittg matenal layers. The 
transformer e6re -is identified as 92- Theit^jjdf 'ahd^ower magnefic layers-are iddhtified as 
•94 and 99 respectively and the ^^ib^ati^)fi^aamping msaterial la^^eft as 96? TBfc internally 

20 positioned magnetic layers are identified as 98. The transformer core 92'hds a=c«itral hole 
identified as 93. Wir£s 95 ^fe Wrapped auroutttJ "Opposite sides 6f tht (i^ansfbrriier core 92. 

Fig. 14 illustrates a perspective view of an internally damped- ffariSfdrmer 100 of 
the present invention-having ^ternarin^g magnetic and VibraticHl'<fenipirig material layers. 
Thertransformer core is ideritified'as 102.iiuThe-.upper Sind te'wei- jn'dgrietfc^layers'are^' 

25 identified as 106 and 108 respectively- ahd;.thfe vibration-daiftpirig^aterMl la^ers-as 110; 
.The intemally: positioned magneticiayfeirs.iafe idenfiified'as 1 12:- Wife's ?04 ^e ^tTi^^d 
aroiiiid thesides ofitfefe transfonner coTe 102;: > 1' .;• ^: jh- . r xl f. , 

• : ' . Fisol!S,iJlfiStEates:a perspeeti'Ve:vietvofM.irit«^ 
present;inventionj having aRfems^ittg magnitie arid/Vibratioii damping'fhatenal I^rs. The- 

30 rotor coreds'identified^as 1:37. -The wpper'and lOAVer rtiagnedo layers-^ idihtifigd as 132 
and..l34.re$pedfivdy,and the vibratiow dampitig material layers as 136f- The'irtternally 



-23-- ~ 



D: <WO 99331 56A1_I_> 




wo 99/33156 PCT/US98/26606 

positioned magnetic layers are identified as 138. The rotor core 137 has twelve poles each 
identified as 133. Wires 141 are wrapped around poles 133. The poles J3^3.jextend from 
ring 135. A rod 142 extends through the ring 135. 

5 Methods of Making - - - \ k: . . . 

The internally darnped stator,. rqtpr, or transformer core of: the present invention 
can be made by a variety of methods. ' . ** ' - * ■ v- -- ^ '^ ^ 

One method would be to provide individual magnetic layers, hay.og the desired 

10 shape (a ring with poles joined tpjthe ring andfcxtending away from the exterior perimeter 
of the ring, for a stator or rotor, for example, and: a rectangular shape with 'an optional 
internal cut-out such as a rectangular .cut-out for a transfprnrer, for example). For 
example, one could provide a, vibration damping rnateriaJ layer.on top of a first magnetic 
layer, provide a.secpnd magnetic layer, on_ top of ther.vibration damping material layer, . 

15 provide another vibration damping material ilayerr on top of the second magnetic layer, 

followed by another magnetic layer, etc. The; top and:;bottoiti layer of the core would both 
be magnetic layers. The afprementionedrinagnetijq'Jayers may optionally be.sectioned. 

, Although it^^yould be possible tp;die cut or otherwise cut separate layers of i 
vibration damping rnaterial and magnetic material, and stack one layer uporu another such 

20 process would be costly and slow,'and would.not lend itself well ioi automation. Each- 
magnetic layer would preferably need at least^one damping layer. between itrand the next 
magnetic layer, and. the damping layers. can be pfa polymeric material that is *'sticky" or 
"tacky'' at room temperature and thus difficult to work with. 

• Combining many magnetic lay^ers with a typically sticky,, very thin and low 

25 modulus vibr^adpn dsinping material (i.^., not s^iff jor easily handleable). would most likely 
nof, provide for a Icw.cost, high volume EnanufaQturing line. In addition,: assehibly would 
be slow, potentially subject jtp contamination inivarious layers; and requiie significant - 
assembly tppling and fixtures. * . . • : i ■ .-i i^w ^ : i . 
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• - Anolhef inethod of providing a core of the present invention would be to first 
provide a laminate of the desired number of magnetic layers and vibration damping 
material layers and then stamp out or otherwise cut individual cores from the laminate.- 
The laminate to be cut would comprise two outer magnetic layers and an inner 
5 vibration damping material layer. The laminate may optionally further comprise additional 
vibration damping material layers and/or additional magnetic layers between the two outer 
magnetic. layers. Preferably the Corfe comfprises at least *5 layers'; mdre preferably at least 7 
layers, and most preferably at least 10 layers total of damping niatei^i'al and magnetic 
material. Thdilaminate layers can vary in o'rdervbut "typiGalJy h^vfe-atii alternating magnetic 

10 layerr vibration dampfing matefial laydp-'mkghfetic layer- ete?'^ csi^nfigw^^^ A disadvantage 
of thi&method.is that the stamping procedfafe^nSay^result 'iA theTormatioVr of an exposed 
burr on the bottom magnetic layerVespeciaHy? foi* the lamifiatteV of greater thickness J 
Furthermore ai cutting or stamping prdc^'dUiTe' which proviQes'the core with' rounded edges * 
( which/is desirable)4s TOore Jikely to^ provide a 'bu-n-> on the-b§ttbm r^agbetic liayer bf - 

15 greater magnitude. Such a'buithlay b^diTficUlt^tb reduce •» - ' 

/? . This burr can cut into the wife -whieh^is' to be ^wfapp)ed' around the core. 'One niay 
optionally be able^to-sand or othrerwisie Ki^dajr'dowhithe burr, 'siich as by "spanking" or ' 
pounding the burr to decrease its si^e^in a wafy Which does not-ereate a' shaurp edge; but this 
can lead to secondary prdcessing steps/addea^edst;' potentia^^lam^latioWof the stator 

20 core,\etc. In additaonica rounded surfkre^Wotild not bfe obtainJ^^ 

burr.. Altepnativeiy onei^ay jproyid^fa^cov^irig^over {he burr in drderUo-iiiini^ze this . 
probleni, although the? burr cotyl A potfenfially cut through the^eoVering^aiid still damage the 
stator wires. .^J^^v; :h—s: oi t| 'i [ r.:^ - b: ^, -in-r] . . — ^ ^ . 

Another method of preparing aicofe of the present Inverilion is to prepare at least 
25 t>vo separate laminates. Sectidns ofctypicaLiry idefntical shape (lerigth and w^idth, but not 

ne.cessari!y thickness) areudie cut frbm^ eadh laminate and joined together to form the final " 
core. iOne laniinatejiivould comprise at leastitwo layers (an upper magnetic layer and a 
lower vibration damping material layer), preferably at least 4 layers (upper magnetic ■ 
layer/vibration damping material layer/magnetic layer/lower vibration damping material 
30 layer) and optionally a release liner on the opposite side of the vibration damping material 
layer farthest away from the top magnetic layer. Additional magnetic layers and/or 
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vibration damping material layers (typically alternately positioned) may be .positioned 
betwe:en the upper magnetic layer and the lower vibration damping. material layer. The 
magnetic material is typically provided in the form of a coil.. A section is then die cut from 
this laminate having the same length, >yidth, and shape.as the cjesired stator, rotor, or 
5 transformer article. 

A second laminate is prepared comprising at least. three layers: an upper magnetic 
layer, a lower layer of magnetic layer, and an inner layer of vibration daixipii^g material. 
The second larninate may optionally further comprise additional vibration damping 
material layer(s) and magnetic layer(s) as inner layer(s) , A sectipn haying the .desired 

10 shape of the final core is cut froip this seQpnd laminate. ^ - . - \. . 

The bottom most magnetic layer of this section cut from the second laminate would 
haye a burr clue to the cutting procedure (suph as a^die cutting procedure) \yhich could 
interfere with the \yire to be, wrapped around the stator, rotor, or transformer if this layer 
was used as an outer layer of the core. A cut or damaged, wire could result in corrosion of 

15 the wire, higher resistance in the wire, reduced^motor. performance, a short to the core, 
and/or motor failure, etc. However, this bqitpm layer of.the section, cut from the second 
laminate ultimately becomes an interior layer of i\}p final core. This. occurs since the liner 
is removed from the first section cut fronirthe first .laminate (if the^liner is presjsnj) and the 
exposed vibration damping rnaterial layer ofjhp fir^t. section is applied to the magnetic 

20 layer having the Ijun; which was cut fyom the secondJ^minate to,Tesult in a damped core, • 
that has no exposed burr.. . . . . , ■ : - ; , « 

In other embodiments more than two laminate sections^may be jpined to form a 
core. The burrs of any laminate sections are preferably placed in a manner to rnake them 
internal to the^ final core, ^ppr^.some, laminate sections, a burr may be.sp large that it may be 

25 de;Sir?ble to partially or totally remove the burr by grinding^, spanking (i.e. ppunding to. at 
least partially flatten}, etching or other means to.provide a sufficiently flat.surface such 
that the laminate, sections can more easily be joined ^A, vibration damping material layer of 
a thicker constnuction v/ould more readily bond Jo acmagnetiq layer having a large burr. . 
Cores of the invention can also be made from combinations of laminate sections = 

30 that differ from those previously described. Cores may , be made for example, from 

laminate, sections which have,no outer )ayer(s) of yibifation dansping material to aid in 
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joining. Fot example, one may desire to join three laminate sections similar to those cut 
from the secoWd laminate as described above. None of the three laminate sections have an 
outer layer oif vibration damping material. As another example one may desire to join 
three lamina'te sections wherein one laminate section is similar to that cut from laminate 
5 section one having an outer vibration damping material layer and two laminate sections are 
similar to those cut from laminate section two; wherein ii'either of the two have an outer 
vibration damping material layer. 'o 

^Epoxie^s or other aidhesiV^s miay bo used to'aid in jdimng such laminate sections 
togethei'. Mechanibal means such as stafckirig; sWa^ihg/coining;^^ mechanical 
1 0 fasteners such as screws, etc. may alsb be used to join siic^ jarriinatd ^6cti6ns together. 

The laminate sections When joined togeVher' may optidnally have iiressur^ applied 
iherfeto: The pressure may be sufficient to partially br the burr(s):so 

that no Burr is' present 6f sufficient height or dithehsiohs o'n'an outer magnetic layer of a 
15 laminate section that would preVent the larninate sections frbm being joined to fon^ a core. 
This can be acbom'plished by usihg various; tonnage presses. This method should be done 
in a mariner that limits the bulging of ariy burr away from tlib plane of the side of the core 
ib minimize any'potentiarsi<le biiir creation Such as bulges Which cbuld cause damage to 
wires -wheh wound irbund ihe stator doit. Preferably no bulges are present. HoWeve^; any 
20 bulges pi^eseiit are preferably less thari abciut 0.0361nch -(0.762 fnih),' more preferably less 
than about 0.020 inch (0.508 mm), even more preferably less than about 0:01 0 inch (0.254 
mm) and most preferably less than about id.002 ihch (0.0508 rhm): ' ' ' ' ' 

The total number of rinagrifeti'c layers pliis vibration damping material layers in a *' 
' laii-iinate section can vary. Tyjiically the total riuniber of magrifedc layers plus vibration* ' 
25 damping material layers iri a section is af lfea^'t abo^ 2; 3, 4; 5, 6, 7, 8, 9, lO; 11, 12V 13, 1*4; 
1 5,-16/ rT^^ME, 19, 20, etc.' The total'number of magnetid layeJrs pltis vibration damping 
ftiatarial layeirs i» each laniinate section ftom ^i^hich a tore is made is typically at least * ' 
about '3f l^y^ ptfeferiibly at least about 5 layers, arid most preferably k least about 10 ^ 
layfefisi - -^i'* * " : — . .. : 

30 THe^ lahSfiate' Section bottom layer (if a magnetid layer) will have a burr (as a result 

of the starrijiihg process), preferably less thiah about 30% of the bottom layef thickness. 
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more preferably less lhan about 10%, most preferably less than about 2 %. This burr can be 
reduced by "spanking" or by another mechanical process (such as grinding), but when 
done the burr should then be less than 2% of the bottom layer thickness (preferably . 
nonexistent) and also should not extend more than 0.005 inch (0.127 mm) past the edge of 
5 the laminate section creating a sharp edge or side burr. 

Each laminate is typically die cut.in a die set-up that provides a laminate section 
with a top magnetic, layer having rounded edges with no exposed burr (extending vertically 
or horizontally,, for example) and a bottorn magnetic layer with an exposed burr (when the 
bottom layer is a magnetic layer). Thus, if the top. layei; is a magnetic layer, and the bottom 

10 layer a vibration damping material layer the top layer would have rounded edges. An 

intemally^positioned magnetic layer. may optionally have a burr, but the burr would not be 
exposed due to. the positiqning of the magnetic layer. . , . j 

The core.can thus be made in^a manner in y/hich th,e.rounded edges are provided on 
at le.ast the top and bottom rnag^etic layers on the, final, core. Thpse rounded edges help 

15 prevent the >yire(s) wound around the core from. being cut or slit through their protective 
coating leading to an electrical, short, high resistance, , or degrading motor performance. 
The protective layer is typically a polymeric coating, such as polyethylene, polyester, 
polypropylene, etc. ^ - . : ->'r : , 

The lamnate, may» for. example, be. fed directly ijitO|the die for die cutting out 

20 laminate sections or may be wound intq a coil for die cutting at a future tirne. The laminate 
coils may also need to be "heat" aged in an pven^or environmentally controlled chamber to 
increase. adhesion ^tthe vibration damping material f.o the. magnetic ]layer(s) prior to die 
cutting. ,Some magnetic material.s.have a.protectjve coating applied to them to protect the 
magnetic materials from corrosion or other.damage. This CGating:may limit adhesion of 

25 some types of vibration damping materials and. thus may require additional . processing to 
achieve good bonding between the vibration darnping matenal and the magnetic material 
used. Such a coating may also necessitate that an^adhesi^ebe used bety/ejen a:yibration 
damping material layer and a magnetic. la>;er to :achieve the desired bqndNStrength so that 
the larninate layers can be flattened and/or.die cut without delamination prcble^^^^ or: 

30 wound into coils for. later use. , -.r , . , ^. . . - - , y i^ - 
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The laminate coils can optionally be heat aged for 1 or more hours at about 150 to 
about 250^*1^ (about 65 to about 121 ''C) to increase the bonding of the magnetic layers to 
the vibration damping material layers. For direct feed applications into a die cutting tool, 
the laminate can optionally be preheated' (at about 65 to about 121°C) just after lamination 
or prior to the initial contact of the vibration damping material to the 'magnetic layer(s) to 
increase adhesion between laminate layers.' 'Qukrtz high intensity he^at lainps, hot air or dry 
nitrogen, or heated pTatens7rbllers tbiild be used to raise tHe terirperatur^ bf the magnetic 
liyers, Vibfkioh dampiWg tndt^Hal or b«th*Bbf6fe'tamina^^^^^^ may be applied 

during lamiWarioh'of the'dariipihg 'niaie^^ about 5-50 psi 

(3.45:t l(J^ to'3.^4^-7^1-O^Pas£ai5jX ^ -^^^^ " V-i ^.^q- w ri i,.. 

" ' " The'uhwBbn^cbirdrfarn^^^ llS^fdli t>^e 

roller flattening system (or straightener) W fed'diffectly Into a High tonnage preSs"i(gr^^ter 
than about 2 tbris.^prefetabl^^ gi^^^^ about 
50 tons) and a multi-cavity progressive^ tool. 'Cc^nipourid sta^e^oolihVcbiild bptibnally be" 
used if the latfnihat'e was of k- suf ficierit mitial' size t6 provide^ cbupons! Stagirig c6uld ' ■ 
occurlh ^ sihgici or iiiultipl^ pfes^^ *of diffWreiit die' configurations. ' ' - : ^ 

Preferably each laminate section used to make a core has rounded edg'es^btfits top ' 
magnetifcyayei'.-' Preferably e'ach cdre has^bdHijed'edges on its top and bb'ttom magnetic 
'layfefs.-Mo^t preferjably t^^^ ' • J - ' ' > ' --^ ' 

Fig. Tfris-^'enldrg^^^ Fig. 16 has a shape'-WhicA results 

froni pre'parihglhe core according to Example 3^ wherein foiir latnihate sections are^ii^i^e^^ to 
make thb core. The top' Wd^bbttom nikghe^^^^ The^ambunt by 

which an edge iVix>Wded dkn be fi^^ i.vi' c a. - ^\^: t : 

' - ' Thefoiinded'edge to be measured^'Ba^^^ - 
imagihSy rt^hl'-angle formed by pekpferiatcular iriibrsectioh of twastraigHt'Iihes which ' 
are identified'aS hnfe^C'and line Dl LinanG siibStantiilly overiiefs the top*bf th^ iipper ^ 
magnetic aaj^i* exdept 

rounded iri^ Wciwhy^^d ^irfefctiori*(toWards- thef c^^^^^ the Viote); '^he vertical ilistincfe ' ■ ' 
between the edge of the magnetic layer being measured and the top' of the finagiietic layer' 
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(aciualJy up to horizontal line C) is identified as B. (B may also be referred to as an edge 
roll.) . . . 

Line D substantially overlies the side of the core. The horizontal distance between 
the point of the top of the top magnetic layer where it begins to curve downward and Jine 
5 D is identified as A. (A may, also be referred to as an intrusion.) 

With respect to all the aforementioned edges, preferably A is at least about 0.003 
inch (0.07 min), mpre preferably at least, at>put. 0.010 inch (0.3 mm), even more preferably 
at least about 0.p20 inch (0.5 ,rnm), and most prefejably at least about 0.040 inch (1- nrun). 
With respect to all of the aforementioned edges, preferably each e^dge: is independently 
10 selected to have B of at least about 0,p03,inGh CQ=07mrn), more preferably at least about 
0.010 inch (0.3 mm), eyen more preferably at least about 0,020 inch (0.5 mm), and most 
preferably at lea^sl about 0,040 inch ( 1 mm). , The. greater A and B the rounder the edge. 

Preferably the inlernall^^ damped.cpres of the invention are designed and produced 
1 5 such that they do. not experience delaminatiqn. Jiowever, any de]amination= occurring 

between core layere should, not exceed. 20 percent of; the surf acer area of any two adjoining 
layers which would bfe in contact except for the delarnination, preferably: less than 10%, 
more preferabjly Jess than 5% and most- preferably less.ithan J . .. 

20 Preferably the first laminate section is paired with at least one other laminate 

section.and mated so that the rounded , edges are exposed and any exposed burr ofithe 
stamped larninate section is inward to the final cpre^^ v ' 

The vibration d^iiiping material layer(s> which niay be used to join laminate" 
sections nxay allow for a.broaci ran^e of burr heightsLon.a magnetic layer(s) 6T laminate' 

25 section(s) which are destined to b^ inner layer(s) of; the core, ^as the damping matefiarmay ' * 
be of a sufficient thickiiess to join laminate isections rwith burrs dntfemal tonhe c(yfc together 
without repiqYing oj reducing the bujT; produced by cutting outnhe: laminate section-. This 
is a significant advantage, over current non-dampied stators; as each nnagneticilayer in a 
current non-damped sjator. must be relatively burr free or the magnetic 'Jayers^ will not 

30 easily fit together, thus- leaving potentially significant gaps between, magnetic 'layers. Thus 
in conventional non-damped statorSieach rnagnetie. layer needs to be deburred'arid 
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inspected prior to assembly to avoid gaps in the finished stator core. Stator cores having 
gaps can lead to excessive noise due to vibrations. 

• Laminate-sections having burrs which are joined together via vibration damping 
material such that the burrs are on the inside of the core should preferably use a Vibration 
5 damping material layer of sufficient thickness t6 allow good bonding with no gaps 

between laminate sectioris. Laminate 'sections assembied with the same burr direction may 
be able to use auhinntsr vibration damping material' layef(s) fo joirt such laminate sections 
of the cofe as the se'ctions'will'mbfe readflj^niate iirfit togefKer'due'lo the cbmmon burr 
direction- of -the^laminatesectSbns.' '■■l-^- '■ : - m.- 'jit-;: iij 1. ■ • 
10 •jThe laminate-secttoMs-should pfefe^^^^^ ih'sifch a feWnnferHhat the 

sections- should matb togethei'.irf a mahherH6ifnihiittiie'(and preferably com{3letely avoid) 
any mismatching or misalighment'(i;e:/=siich°th'at fhey are aligned br maithed), as ' 
mismatching or misalignment could create an exposed ledge(s), projection(s) or step(s). It 
is preferred that any step, ledge or'projecfidn due tb^rrtismatchiiig l^^^ sections or the 
15 laminate layers themselves/b'e less thah'OIO^ ihdH (O'.Tfei mm)i.' mdfe preferably less "thmi " 
O.OJQ inch (0.254 mm) and- most pi-efei^ably less'tiiari'OiOOS inch'(0.0762 mm). Steps', " ' 
ledges or projections may, hoWev6r, Be pfeseht'dub "to the ihtentibhal use' of magrieUc 
layers of different size (length antf Xvidth); This ^uld" be diffei-eni than steps,' ledge^, or 
protrusions caused by mismatching. 



20 



Thus,, according to' the preferre'd liieffiod'of the invention, the core of the indention 
is made from at least two laminate sections -wherein the se6tjohs are preferably p'bsitioiied 
with the rounded edges of the. laminate sections as the final outer layers o? the fihisHed 
core, thus providing an iriternaHy damped'Corg^With ho exposed burxsV the t6re c^" 

25 optio.u.ally be madei from more-than two laihinate-sectioris. ifi such a cSse, th6 cordis' • " 
pref(?r;4fely. made siich' that thettwo oUter magnefic Ifij^ers bf tH6*^re have'rburiiieid'ed^es. ' 

? i i O'hus, laminate sectiohsicaitbeJjoined, for'eixample', by virtue of theVibratioii ' ' 
damping roaterialJayeK that are exposed- oii 6fte£>r more lamiiiate'iectibnsr it is also 
possible fo .employ otherrmethods (stich ■asiidhfe'^i vfes, -stakirigl embofesihg, -cbinihi. oateV ' ' 

30 coatings, gtc.) to jbin various laminate se6fidris'fo eacH other. AlthougVthese methods'of 
joining are les&CQnvenient,.excellent damping Tfcsiil'ts woald still be expected.' ' * ' ^ 
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This method, of preparing separate laminate sections and subsequently joining them 
provides for a high quality manufacturing system, the optional elimination. of mechanical 
attachment methods (such as staking) to hold the layers of the core together, excellent 
dimensional control, and superior surface finish. - . 

5 

This preferred method is also advantagepus<in that it is cost effective. The core 
layers need not be stamped or die cut as single layers, thus reducing tool wear, cleaning 
steps, inspe?ction .and assembly steps. Because laminate; sections are stamped from a multi- 
layer laminate there is less.stamping required to make a; final internally damped stator, 
10 rotor,,or transformer, which saves cost and time, reduces machine; wear; rand increases 
speed of assembly, Deburrins of each rnagnetic layer is alsc not nee^^ . 

The preferred method of the invention ir. also advantageous in that it allows the use 
of any. vibration damping. material (A.e. tacky, rigid^ soft, etc.) as :the damping material is 

15 prelaminated with magnetic layers and then die cut. Individual vibration damping material 
layers are not die cut out in a separate operation and joined to individually die cut 
magnetic layers. This is a particularly key factor for small stators or rotors with small 
poles. Positioning an individual small featured die cut damping material layer on a 
magnetic layer can be very difficult, time consuming, costly, low yield, and not workable 

20 for a high volume application where there could be the need for millions of internally 
damped stators, rotors, or transformers to be produced within a week. 

Furthermore, the preferred method of the invention allows for flexibility in stator, 
rotor, or transformer design. For example, one may conveniently provide more than one 
vibration damping material layer between any two magnetic layers using the preferred 

25 method and also alternate vibration damping material types in any layering scheme 

desired. It is also possible to use different magnetic material layers to modify the stator, 
rotor or transformer performance. 

The use of vibration damping material having adhesive properties or an adhesive in 
addition to vibration damping material can eliminate the need for staking, embossing, or 

30 coining of magnetic layers, etc. 
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The use of vibration damping material in the stator, rotor, or transformer of the 
invention; in addition to providing vibration damping properties, may also provide 
improved thermal and/or magnetic and/or electrical properties of the stator, rotor, or 
transformer for an end use motor application. 

5 

Uses of the Stators> Rotors and Transformers of the Invention 

The stator of the invention can be^ used-in a variety of electrid motors and magnetic * 
motors includihg but'not -limited to thbse pr^'sfent in the following: vehicles such a^" 
automobiles, for ex ample; power generating equipment ; disk drives; etc . - * - ' 

10 The :rotor of the- invention can be used iii a variety of aectric motors and magnetic 

motors including but not limited to those present in the folldwing? vehicles <sudi ' ' 
automobiles, for example; power generating equipment; disk drives; etc. 

■ • ' 'The transfonner of 'the invention can be usedin a variety'of power supplies ' 
including but not lirnrted to those piesent ih the following: eomputers; stereo equipment*, 

15 power stations; etG^ i; : J: * . !^ . . - . ^ ; • . 
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Examples - * . 

The invention has been described with reference to various specific and preferred 
embodiments and will be further described by reference to the following detailed 
examples. It is understood, however, that there are many extensions, variations, and 
5 modifications on the basic theme of the present invention beyond that shown in the 

examples and detailed description, which are within the spirit and scope of the present 
invention. All parts, percentages, ratios, etc., in, the Specification and the. Examples are by 
weight unless indicated Qtherwise. . . . . , , , 

10 Abbreviations , . , , , : 

ISD 112: . ^ _ _ . , V _ 

3M ISD 1 12, acrylic damping polymer available from Minnesota Mining and 
Manufacturing Company, St. Paul, Minnesota. The damping material has a loss factor 
1 5 greater than 0,5 for a broad frequency range, (+/- , 1 QQO Hz) at the. desirjed test temperature - 
(20°C/72°F). ...M '--I.-: i-r '^-/. ' ■. • — : : 

ISD 110: . . . - 

3M ISD 1 1 0, acn/lic damping polymer available from 
20 Manufacturing Company, St. Paul, Minnesota. The damping material has a loss factor 
greater than 0.5 for a broad frequency range (+/- 1000 Hz) at the desired test temperature 
{50°C/122^F). ^ ; ... ^ ... , ^. - ^ . 

ISD 140: ^ ^ r-..-. -..-r .i' . . . • .v. 

25 .3M ISD 140, aciylic damping poly 

Manufacturing Company, St.,I*aui, Minnesota. ..The damping material, has a loss factor 
greater than 0.5 . for a broad frequency range .(+/-,1P0Q Hz), at the desired; Jest temperature • 
(50°.C/122''F), . . .. v,v ;• • , . ■ . ? - 



30 
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Comparative Example 1 

A GM CS JOO amp alternator was placed on a Crumbliss Model 2450-1850 
Alternator Generator aiid Starter Tester. A rhicro'phone was positioned 1 inch (2.54 cm) 
5 from anid perpendicular to a location on the outside circuniference of the alternator. The 
microphone was connected to a'Bniel a^dkjaer Type 2120^Frequen^y Analyzer. The 
Bruel and Kjafer Analyzer was Connected lb* the firsf chart Tektronix 2630 

Fourier Analyzer. An accelerometer (Endevco Model 22) was adhered to the alternator on 
the outside circumference surface. It was connected to the second input channel of the 
10 Fourier Analyzer. The alternator was spun and a load of 60 amps was placed on it. The 
resulting sound and surface acceleration were measured as a function of time. A 
subsequent fast fourier transform on the data gave the results as a function of frequency 

' The General^ Motors^ GM CS ibo'^arnp altematbr wa^ then di'sas'sernbled in order to 
15 remove the statof. The stator had'31 'feiroiis layers feSch about O.OSiz' inches (0.0081 mm) 
thick. The stator was about 2.6 cm in height and about 13 cm in diameter. Several of the 
uppermost and lowermost magnetic layers were slightly smaller in area than the middle 
layers. The stator had a central hole 9.7 cm in diameter. The stator had thirty-six poles 
with wifg WfappddUherearound: The'Sfatxir had fhe'^same configuration as that'shown in 
20 Figs.'5^attci6;*' • ' ^ ..i.: ^> r^^rii' j.-^-.-V. . . ^ i--':' 

The stator was suspended in a freely supported condition. An electromagnetic 
transducer (Electro 3030 HTB A) was used to excite the stator at a point at the bottom and 
on the outside of the stator. The resulting acceleration was measured with an 

25 accelerometer' (Endevco Mbdel^ 22) at a point oh the outside ofthe stator which was 1 35"* 
from the point of exditaiidfi. The s:fetup is shown in Fig. 9 wherein the stator i^ identified 
as 70v the^hJhi Analyzer 72, the acceletbmeter £s 74, the electromagnetic transducer'as ' 
76, the large suspending rubber band 78, the wire connecting the accelerometer and FFT ^ 
analyzer as 80, and the wire connecting the electromagnetic transducer and FFT analyzer 

30 as 82. 
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The input force and resulting acceleration were measured as a funqtion of lime. 
. This was transformed to frequency data by a Tektronix 2630 Fourier Analyzer to produce a 
frequency response function. The system loss factor for three different niodes were 
calculated by using the half power bandwidth method. The frequency response function 
5 versus frequency for the undamped stator is shown in Fig. 10. 

Example 2 

The wires were removed from the stator of Comparative Example 1 . The core 
retaining rivets were removed, alloy^ing the 31 ferrous_^layprs,.each,0.032, inch thick) to be 

10 disassembled. A 0,001 inch (p.00254cm) ISD 1 10 vibration damp^ipg material layer was 
then added between each ferrous layer (each cut to the shape pf the. ferrous layer, with one 
ferrous layer omitted to maintain the same oyeralLlhickness pf the stator. This core, which 
did not require rivets due to the adhesive qualities of the ISD- 1 10 layers, was then 
rewound with wire. The damped stator assembly ^yas tested in the same way as the 

1 5 undamped stator of Comparative Example 1 . The freqiuency response function versus 
frequency for the intenially damped stator is sh^^ , . , . 

The frequency response function, which is the rat^ the response acceleration to 
the input force, is shown as a function of frequency. A^peak in the frequency response 
function occurs at resonance. Figure 10 shows that the addition of damping material to the 

20 stator lowers the peak value at resonance which means that the surface acceleration and 
displacement are reduced. The peaks have all been lowered by from 20 to 40 dB. 

The loss factors for three of the modes are sho\yn in tlie following table. 

The data in the table demonstrates the effect of the damping. material, on the 
25 inherent damping of Vie stator assembly. The loss factor and the resonant frequency are 
listed for the 2nd, 3rd and 4th modes of vibration of the stator. The loss factor, which is 
the ratio of the amount of energy dissipated to the amount of energy stored and returned to 
the system, increases with the addition of-damping material. This will le^id to a decrease in 
amplitude of vibrational acceleration, velocity, and displacement. T.-, ' : 
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Mode 


Comparative 


Comoarative 


Example 2 


Example 2 




' Exarhple 1 


Example 1 


FreauencY 


Less Factor 




Ffeaiiencv' 


Loss Factor 


(Hz) 






(Hz) ■ 








2 


1163 


0.0017 


1125 


0.044 


3 


2250 


0.0044 


1962 


0.070 


4 


3475 


0.0072 


2987 


0.100 













After testing the damped stat6r,'the aheniator of Cornparati Example 1 was 
reasseinbled except* ft^r th^u^^^^ of tH^ damped statbr m place of the undamped stator. The 
reassembred'alterriaior was tested the same way as the undamped alternator using the " ' ' 
CruiTibliss tester and measuring the sound and surface acceieration. Figure 12 shows the* 
difference between ilfit sound pressure'level of tiie'kltei^tor with an undamped' stator and ' 
the sound pressure level of the alternator w 

The difference values are mbstly i^ositive aiid a^^ as great as 35 dB. This indicates 
that the alternator with the damped^stator haVa decrease^^ pressure level resulting 

from operation than that of the alternator 'witli aii unaa^ stator!' Figure 1 1 shows the 
acceleration on th6 surface of the dternator c;^^^^^ - - :: 

Figure 1 1 shows that ih6 alternator with the damped stator has reduced acceleration 
on th^ c^se dtie to vibraiiibrf than does t^^^ 



15 



20 



Example 3-Stkor Cer^ of the liiventibii' ' ' " ' ' " ' 

The rnethod b¥ Exarnplfe3 inciuderflaim die cutting ancl assembly steps^^ 



Lamination: 



ii 7{.3 new *si " * J ' fi^ 



wide and 0.35 cm thick 35H270iibri^yk^ eicfcfrical steel available from Nippbn St^l ' " 
Corporation (NSC). The steel had a special surface insulation coating bonded to both sides 
which was applied by the supplier. The strips were made into laminates of two types-Type 
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1 and Type 2. A Type 1 laminate comprised: 0.0135 inch (0.34mm) thick sleel/0.001 inch 
(0.025mm) thick ISD 140 vibration damping material/0.0135 inch (034 mm) thick steel. 
A Type 2 laminate comprised: 0.0135 inch (0.34 nrni) thick steel/0.001 inch (0.p25mm) 
thick ISD-140 vibration damping material/O.pi 35 inch (0,34 mm) thick steeJ/0.001 inch 
5 (0.025 mm) ISD 1 12 vibration damping material with a 0.004 inch (0.102 mm) brown 
paper release liner. All Type 1 laminates-,were made using a Vacuum Pad Applicator 
(VPA) with a tempeiiature of 225^F C107.X) for2^ niinutes. Each Type 2 laminate was 
similar to the Type 1 laminate except for the addition of the 0.001 inch (0.025 nim) ISD 
1 12 vibration damping material and the release liner.. The purpose of .this^ ISD 112 layer 
10 was to provide daipping and also bonding of the individual laminate sections in the later 
described assembly process. Because the surface insulation that was bonded to the steel 
surface was .very smooth and of a low surf ape .energy, that could limit bond strength to it, 
the bonding process was important to assure that.no.delarnination occurred either in the 
subsequently described die cutting or assemjbly of the, laminate sections. , 



\5 



Die Cutting : . .. .. . ! 



Die cutting of the indi vidual laminate, sections was done using a compound die in a 
25 ton press. A heat-treated lower backup plate was .used to aid in. keeping the.laminates * 

20 flat and provide support for the individual poles .of the stator sections, The individual strips 
of Type 1 or Type 2 laminates were fed, into, the press and (^ie cut to formrlarninate; . 
sections. One laminate section was cut from.Tvpe 1 laminate. ThreeJamin^te sections 
were cut from Type 2 laminates. The individual die cut laminate sections were then set 
aside for assembly into a complete stator. 

25 „ . Each die cut laminate seetipij was ,1.|0 inches (f28 mm) in diameter and had 12 

poles. Each pole was lO nim; in length.and 2.7 cmjn w Each die . 



cut laminate section had a central hole. l4\()l mm.in diaipeter. ; .. 



Assembly . y ij .... . ; 

30 A stator core having eight layers of steel was.made frpm-the. individual die cut 

laminate sections. The stator had the same configuration as that of Figs. 1,2, and 16. An 
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assembly fixtdre was used to aid in assembling the die cut laminate sections into the 
comj51eted stator core. ' 

' The assembly fixture comprised a center shaft with an outer diameter matching that 
of the inner diameter of the die cut Tyjie 1 and Type 2 lanru'iiate sections (6.551 inch 
5 (14.0 rmiii)) and four eqiially spaced pins that fit into the space between individual 
laminate seiltions.' The center 'shaft >r6viddd a cVfnmori" center ifor asUiiibling all the 
individual die cut laminate sections a'lid the'ffiuV^ihs' assuiretf thaf the ^iks of the 
individual did cut bihiiik^e'sfectiohs lied ' n • - ' 

• 'A con^jlefdd'stator was inside by' seating a type 'l lamihWe'seciioh, edge roll (burr) 
10 up dvdr the cbntferpoSfbntb-thi^ ^sstmMy fSfttirel ^he '^ilpttAmit wU^f^itilvidfrdm three 
of the Type2'laniii^ate Sectioris arid each one- wHI pla^c6ci 'oVer the 'ceriteVposrwithHfie 
exposed vibration damping material and etfge rBll a6wii''makirtg a tot^l'of four Ikmmate ' ' 
sections to make' the ^eight steferiayei-s^^^^^ • ' ■ "'■ ->■■ '■' --^ \ ' ■ ' ■ 

After verificatioH tha^the individual l%ieF£ut6uts arid'f)6ies^^^^^ 
15 were bonded under pressure from a press-to form the completed stator. A good mating and 
bonding surface was provided by the edge roll down on the Type 2 laminate sections while 
the edge roll up on the Type 1 laminate section was done to provide a smooth buir free 
winding surface. ' The bdnding''pi-ess*ure Was^uffici^rit to make*'lhe required bbnci between 
the Typea and T)^e'21anfinkte S■ect^ons^ ' ^^^•'^ ■ >> . 

20 'Other advantages df this' asseinbl^^^ 

the vibration- dampirig-maleMal"6n<bHhe wire'wiri^^ mid the absertcl of any of 

the dieicutting burrs, that could cut 'or break the Wir6 wfhdihgs, from bfein| Exposed to th4 " 
wires. ' 5- . - .• --.'j'.- '.li jL ' . . j; . , > • ' P r:i'~.;''. : ■. 



2^ The; isame process described abdvfe' cbul'd dptionaBy be lifiodMed ft^'pfbdiice a stator 

core.firom only two laniinate tettibris. This'^oijld be accomplished b^ makifi^' rhe sections ' 
of Type 1 and Type 2 with additi6na^^layers/«f b^jiist-infer^asihg the layers'in the t)^ 1 ' 
as needed to obtain the desired total number of magnetic and damping material layers. It is 
preferred to use only two laminate sections to form a stator core as this minimizes the die 

30 cutling.steps%atadassembly process steps-} ' ''^o.' V i- - • • , .rv-;.'- r- r . ■ji-j,i> 



A! 
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Such a siator core may have a configuration similar to that shown in Fig. 17 
showing an enlarged edge 160 wherein the core is formed from laminate sections 180 and 
182, wherein 162, 163, 165, 170, 171, 173 and 164 are magnetic layers and 172 and 174 
are vibration damping material layers. 

. The foregoing detailed description and e^jiample have been given for clarity of 
understanding only. No unnecessary limitations are to be understood therefrpm. The 
invention is not limited to the exact detsuls shown ai^d describe^, for variations obvious to 
one skilled in the art will be included within the invention defined by the claims. 
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WHAT IS CLAIMED IS: 

1 . An internally damped core, wherein the core is selected from the group consisting 
of stator, rotor, and transformer cores. ' " ' ' • 

5 

2. - An internally damped core having at least one inner layer of Vibration damping 
material comprising a viscoela^tfc niateriaF eoritairied therein, whefeiii the cbre is selected ' 
from the group' consisting of stmois -rotor ari^^ ' • w . 

10 3. An internally damped core, wherein the internally damped core comprises a 
laminate comprising: 

(a) two outer magnetic layers; 

(b) an inner layer of vibration damping material comprising a viscoelastic material 
positioned between the two outer magnetic layers; 

15 wherein the core is selected from the group consisting of stator, rotor and transformer 
cores. 

4. An internally damped core, wherein the internally damped core comprises a 
laminate comprising: 

20 (a) two outer magnetic layers; 

(b) at least two inner vibration damping material layers comprising a viscoelastic 
material positioned between the two outer magnetic layers; 

(c) at least one magnetic layer positioned interior to the outer magnetic layers; 
wherein the core is selected from the group consisting of stator, rotor, and 

25 transformer cores. 

5. The internally damped core of claim 4 wherein each vibration damping material 
layer is positioned between two magnetic layers. 

30 6. The core of claim 4 wherein each magnetic layer comprises a ring having poles 
extending therefrom. 
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7. The core of claim 6 wherein each ring has at least 4 poles extending therefrom. 

8. The core of claim 6 wherein each ring has at least 8 poles extending therefrom. 

5 

9. An internally damped stator comprising the core of claim 6, wherein the core is a 
stator core, and wire wrapped around the poles of the core. 

10. An internally damped rotOT the core of claim 6, vyherein the core is a 
10 rotor core, and wire wrapped around the core. . ^, , 

11. An internally damped transformer comprising the core of claim 2, wherein the core 
is a transformer core, and wire wrapped around the core. , 

15 12. The core of claim 2 wherein the yjlbratipn damping material further comprises a 
thermally conductive additive, i . 



20 



30 



13. The core of claim 2 wherein the vibration damping niaterial further comprises a 
magnetic additive. 

14. The core claim 3 wherein the rnagneticla^^^^^ non-oriented. . . . ^ . 

1 5 The core of claim 3 wherein the core has edges and wherein the. edges are rounded. 



25 16. The core of plaim 4 which comprises, at last 8 magnetialayers and at least ^ 
7 vibration damping material layers. 

1 7. The core of claim 4. which comprises at least 20 magnetic layers and at least 1 9 
vibration damping material layers.. ^ . ^, ..^ . 



18. An alternator having the stator of claim 9 installed therein. 
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19. ' A* motor having the stator of claim 9 installed therein. 

20. ■ A motor having the rotor of claim 10 installed therein. 

5 

21 .V A method of making an ihternaily dainped core comprising the steps of: 

(a) providing a first laminate section and a second laminate section, wherein the 
first laminate section is formed by a method comprising the steps of 
- ' (i) prepafihg U fifst laminate com^^^ 
10 vibration damping material bonded thereto; arid ^ * *^ • * • 

(ii) cutting the first laminate section from the first laminate, the first 
laminate section 'having a shape; and ' ' ' ♦ — 

wherein the second laminate section is'fbfnied by a method comprising the step^ of 

(i) preparing a second laminate comprising 

15 I ^ .1 ' (X)fa fire^ ' ' 

(B) a second outer magnetic layer; and 

(C) a layer of vibration damping material positioned between the 
' outer magnetic layers;' " 

(ii) cutting the second laminate section from the second lanunate, wherein 
20 the second laminate section has shape which is substantially the same as the shape of the 

first laminate section, wher'eiri the secohif niagnietic'^i^yer of t!he second laminate section 
has a burr thereon caused by the cutting, 

-^^n (5) joining' tjj^ rfjr^^:]^,^ ^d the second I^inate section to form a core 

in such a manner that the burr is not on the outside of the core; 
25 wherein the core is' selected^ frbvA the'grotip con§:i^tmg of stafor cdreis, rolor' cores and 
transformer cores. . )v j . . - 

22. A'irieihod of makihg an inteiiially d^pe:d core 'comprising the steps of ' 

(a) providing at least two laminate sections, wherein each laminate section is ' 
30 independently selected from the group consisting of first laminate sections and second 
laminate sections; and i • « . - . ^ * > 
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wherein each first laminate section is independently formed by a method 
comprising the steps of 

(i) preparing a first laminate comprising a magnetic layer and a layer of 
vibration damping material bonded thereto; and 

(ii) cutting a first laminate section, fronri the first laminate, the first laminate 
section having a shape; and 

wherein each second laminate section is independently formed by a method 
comprising the steps of 

(i) preparing a second laminate comprising 

(A) a first outer magnetic layer; 

(B) a second outer magnetic layer; and 

(C) a layer of vibration damping material positioned between the 
two outer magnetic layers; 

(ii) cutting the second laminate section from the second laminate, wherein 
the second laminate section has a shape which is substantially the same as the shape of the 
first laininate section, and wherein the second magnetic layer of the second laminate 
section has a burr thereon caused by the cutting; 

(b) joining the laminate sections together to form a core in such a manner that no 
exposed burr is present on the core; 

wherein the core is selected from the group consisting of stator cores, rotor cores and 
transformer cores. 

23. The method of claim 21 or 22 wherein the laminate sections are joined via 
vibration damping material. 

24. The method of claim 21 or 22 wherein the core has edges and wherein the edges 
are rounded. 

25. The method of claim 21 or 22 which further comprises the step of winding wire 
around the core. 
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26. The method of cJaim 21 or 22 wherein the staler sections are joined via vibration 
damping material. ' 

5 27. The internally damped core made according to the method of claim 2 1 or 22. 
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